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(57) ABSTRACT 

A method and system for reconfiguring a multi-dimension 
sound system is disclosed. The method and system include 
a remote control that is capable of emitting a low- frequency 
sound wave pulse pattern, and a plurality of speakers, 
wherein each speaker includes a pulse counter that counts a 
number of sound wave pulses received from the remote 
control over a predetermined time period. The method and 
system further include an audio receiver that includes a 
digital audio encoding system. The receiver uses the respec- 
tive sound wave pulse count from each of the speakers to 
compute the distance between the remote control and each 
speaker, and programs the digital audio encoding system 
with speaker delay times based on the computed distances. 
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METHOD AND SYSTEM FOR AUTOMATIC 
RECONHGURATION OF A MULTI-DIMENSION 
SOUND SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to sound reproduction 
systems and more particularly to automatic reconfiguration 
of sound reproduction systems. 

BACKGROUND OF THE INVENTION 

[0002] Current multi-dimension sound systems such as 
Pro-Logic Surround and Dobly Digital use multiple speakers 
(5 or more) placed in different spots in a room in order to 
digitally recreate the effects of true multi-dimensional 
sound. The sound can be optimized for only one location 
within the room because the digital system needs to know 
the exact distance from each speaker to the listener. Infor- 
mation containing the exact distance from each speaker to 
the listener is used to digitally determine sound delay time 
periods for each speaker so that the sound information from 
all speakers reaches Ihe listener simultaneously in order to 
attain an optimum listening state. Currently information 
containing the physical distance is entered manually by the 
listener using a remote control into the system. If the listener 
is located anywhere else in the room the sound will not 
optimized. Because the process of manually entering the 
information is tedious and time consuming, a listener will 
typically only configure the system for one location in the 
room and not re-oonfigure the system when the listener is in 
a different location. 

[0003] Accordingly, what is needed is a system and 
method for autoconfiguration of a sound system without the 
listener having to continually enter data for each new 
position, llie present invention addresses such a need. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides a method and sys- 
tem for reconfiguring a multi-dimension sound system. The 
method and system include a remote control that is capable 
of emitting a low-frequency sound wave pulse pattern, and 
a plurality of speakers, wherein each speaker includes a 
pulse counter that counts the number of sound wave pulses 
received from the remote control over a predetermined time 
period. The method and system further include an audio 
receiver that includes a digital audio encoding system for 
generating the multi-dimensional sound. The receiver uses 
the respective sound wave pulse count from each of the 
speakers to compute the distance between the remote control 
and each speaker, and programs the digital audio encoding 
system with speaker delay times based on the computed 
distances. 

[0005] According to the present invention, the method and 
system for automatically configuring timing delays for a 
multi-dimension sound system is both low-cost and highly 
accurate. The system is low cost because the speakers only 
need to be modified with logic for capmring and digitizing 
the sound wave from the remote control. The system is 
highly accurate because the ratio between the travel speed of 
low-frequency sound waves and the sampling rate of the 
pulse counter ensures that the distance between the remote 
control and each of the speakers is measured accurately. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. I illustrates a multi-dimension sound system 
for use in accordance with the present invention. 

[0007] FIG. 2 is a flow chart illustrating the auto recon- 
figuration process in a preferred embodiment of the present 
invention. 

[0008] FIG. 3 is a diagram illustrating the multi-dimen- 
sion sound system in a second preferred embodiment. 

DETAILED DESCRIFHON 

[0009] The present invention relates to soimd reproduction 
systems and more particularly to automatic reconfiguration 
of sotmd reproduction systems. The following description is 
presented to enable one of ordinary skill in the art to make 
and use the invention and is provided in the context of a 
patent application and its requirements. Various modifica- 
tions to the preferred embodiment and the generic principles 
and features described herein will be readily apparent to 
those skilled in the art. Thus, the present invention is not 
intended to be limited to the embodiment shown but is to be 
accorded the widest scope consistent with the principles and 
feamres described herein. 

[0010] A sound system in accordance with the presenTl 
invention can be configured to automatically measure the / 
distance between the listener and each speaker, and then to / 
anange for the time delays appropriate for each speaker/ 
according to the data resulting from the measured distances./ 

[OOU] FIG. 1 illustrates a multi-dimension sound system 
for use in accordance with the present invention. The sound 
system 10 comprises an audio receiver 18 and a plurality of 
speakers 2Qa-20e (collectively referred to as speakers 20) 
coupled to the receiver 18. The receiver 18 can be controlled 
by a remote control 16 and includes a conventional micro- 
processor (not shown) for controlling a digital audio enood- 
ing system, such as Dolby Pro Logic, Dolby Digital, Digital 
Theater Sound (DTS), and THX. In a preferred embodiment, 
the receiver 18 communicates with the speakers 20 via a 
digital interconnect format 28, such as S/PDIF (IEC60958), 
which is capable of carrying both audio and datastreams. 
Thus, both the receiver 18 and the speakers 20 are equipped 
with S/PDIF digital input and output. 

[0012] In one preferred embodiment, the automatic recon- 
figuration process is enabled by modifying the components 
of the sound system 10. The modifications include providing 
the remote control 16 with a configuration button 14 that a 
user 12 presses to initiate the automatic reconfiguration 
process. The remote control 18 also includes logic to emit a 
low-frequency sound wave pulse pattern 24. Each speaker 
20 is provided with a pulse counter 22 that includes logic for 
capturing and digitizing the wave pulses 24 and for counting 
the number of wave pulses 24 received. 

[0013] The receiver 18 is provided with an auto-configu- 
ration program 26 ±at runs on the miaoprocessor. In 
accordance with the present invention, the auto-configura- 
tion program 26 functions to send out start and stop com- 
mands 28 that instruct the speakers 20 to count the wave 
pulses 24 emitted by the remote control 16. The program 26 
also collecls the wave pulse counts from the speakers 20, 
computes the distance between each speaker 20 and the 
remote control 16 based on the respective pulse counts, and 
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further programs the digital audio encoding system with 
appropriate speaker delay times based on the computed 
distances. 

[0014] FIG. 2 is a flow chart illustrating the auto recon- 
figuration process in a preferred embodiment of the present 
invention. The process begins when a user 12 positioned at 
a particular listening location presses the configuration but- 
ton 14 on the remote control 16 to automatically optimize 
speaker delays for the user's location in step 50. The remote 
control 16 then transmits an auto-configuration signal to the 
receiver 18 in step 52. In response, the receiver 18 sends a 
start command to the speakers 20 causing the speakers to 
activate their respective pulse counters 22 in step 54. 

[0015] After an appropriate delay from transmitting the 
auto-configuration signal, the remote control 16 begins 
emitting low-frequency sound wave pulses 24 and each 
speaker 20 begins counting the number of pulses it receives 
in step 56. In a preferred embodiment, the pulse travels at a 
1000 Hz rate where each pulse is equal to 6 inches of 
distance. After a predetermined time, the pulse counters 22 
stop counting the wave pulses 24 in step 58. In a preferred 
embodiment, the receiver 18 sends a stop command over the 
digital audio channel to the speakeis 20 that deactivates the 
pulse counters 22. Since the digital command 24 travels 
much faster than the 1000 Hz rate the pulse counters 
22a-22e will turn off before the next pulse reaches them. 
Because each pulse counter 22a-22e only counts during the 
same lime interval, the speakers 20 which are close to the 
remote control 16 will receive more pulses, because the first 
pulse arrives sooner. After the pulse counters 22 are deac- 
tivated, the receiver 18 sends another command to the 
speakers 20 instructing each speaker 20 to transmit the wave 
pulse count from the pulse counter 22 back to the receiver 
18 in step 60. 

[0016] From the pulse counts, the receiver 18 computes 
the distance between each of the speakers 20 and the remote 
control 18 (and therefore the user 12) based on the respective 
wave counts in step 62. The receiver 18 also uses the 
computed distances to program the digital audio encoding 
system with appropriate speaker delay times instep 64. 

[0017] For example, if speaker 20a received 4 more pulses 
than speaker 20c, then speaker 20a is located 2 feet closer 
to the listener 12. The number of wave pulses counted is then 
used by the receiver 18 to set the correct delay times for each 
speaker 20. Although the current invention is described in 
terms of a system of 5 speakers, the process described by this 
invention could be utilized with any number of speakers. 

[0018] In the first embodiment of the present invention as 
described above, sound is utilized as the pulse medium. 
However, any wave technology that travels slow enough 
relative to the sampling within the speakers can be utilized. 
The ratio needs to be at least 100-to-l so that distances can 
be measured in 6-inch increments. 

[0019] FIG. 3 is a diagram illustrating the multi-dimen- 
sion sound system in a second preferred embodiment, where 
like components have like reference nimierals. The second 
embodiment of the multi-dimension sound system 100 is 
lower in cost than the first embodiment and uses radio 
frequency (RF) waves, rather than low-frequency sound 
waves. The multi-dimension sound system 100 uses a tii- 
angulation, which is an operation for finding a position or 



location by means of bearings from two fixed points that are 
a known distance apart. The multi-dimension sound system 
100 provides the remote control 108 a with radio transceiver 
114, provides each of the speakers 112a-e with a radio 
transceiver llSa-e, and provides the audio receiver 104 with 
two fixed transceiver modules I06a-106b (collectively 106) 
for this purpose. As is well-known in the art, a transceiver is 
a device capable of transmitting and receiving analog or 
digital signals. The fixed transceiver modules 106 are 
coupled to the audio receiver 104 and spaced at least 12 
inches apart. The receiver modules 106 are preferably placed 
on each side of the audio receiver 18. 

[0020] The second embodiment uses triangulation tech- 
nology that requires the user 12 to manually configure the 
system the first time by standing a predetermined distance 
from the receiver modules 106 while holding the remote 
control 108. In a preferred embodiment, the predetermined 
distance is 10 feet from the audio receiver 18. 

[0021] To manually configure the system upon first use, 
the user 12 presses the configuration button 14 on the remote 
control 108 that causes the transceiver 114 on remote control 
108 to transmit a radio wave HO that is received by the 
speaker transceivers 116 and the transceiver modules 106. 
The speaker U-ansceivers 116 and the U*ansceiver modules 
106 then respond by transmitting their own unique radio 
wave. The transceiver 114 on the remote control receives 
these unique radio waves, and the remote control associates 
each radio wave with the correct source and records the time 
delay between the receipt of the radio waves. 

[0022] After the user 12 presses the configuration button 
14 on the remote control 108, the user manually enters into 
the audio receiver 104 the distance from the remote control 
108 to each speaker M2a-e, As is well-known, the user 12 
may enter the distance measurements directly into the user 
interface of the audio receiver 104 or through the remote 
control 108. 

[0023] The audio receiver 104 then reports these distances 
to the remote control 108, which then associates the distance 
of each speaker 112 with its recorded time delay. The sound 
system 100 is now calibrated to perform triangulation 
because the remote control 108 knows the amoimt of time it 
takes for each radio wave from each speaker 112 to reach the 
remote control 108 and the distance of each speaker 112 
when the remote control 108 is located at the predetermined 
configuration location. 

[0024] After the sound system 100 is calibrated, the user 
12 may change locations with the remote control 12 and 
have the sound system 100 automatically reconfigure itself 
for the change of position. When the user 12 presses the 
configuration button 14 on remote control 108, the remote 
control 108 transmits the radio wave 110. In response, the 
transceivers 116 on the speakers 112 and the transceiver 
modules 106 transmit their unique radio waves, which are 
typically received by the remote control 108 at different 
times. Through triangulation, the remote control 108 can 
then determine the new position of the user 12 based on the 
time delays. The remote control 106 compares the time 
delays associated with each speaker 112 to the time delay 
associated with each speaker when the remote control 106 is 
located at the known configuration position. From this 
comparison, the remote-control 108 recalculates the distance 
from the user 12 to each speaker 112^-^. The remote control 
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108 then reports these distances to the audio receiver 104, 
which then uses the new distances to program the correct 
delays for the digital audio encoding system. 

[0025] A method and system for automatic reconfiguration 
of a multi-dimension sound system has been disclosed. 
According to the present invention, a user may move to any 
location within the listening space and use the remote 
control to instruct the sound system to automatically adjust 
time delays appropriately for all speakers by merely pressing 
a configuration button on the remote control. 

[0026] Although the present invention has been described 
in accordance with the embodiments shown, one of ordinary 
skill in the art will readily recognize that there could be 
variations to the embodiments and those variations would be 
within the spirit and scope of the present invention. Accord- 
ingly, many modifications may be made by one of ordinary 
skill in the art without departing firom the spirit and scope of 
the appended claims. 



What is claimed is: 

1 A multi-dimension sound system, comprising: 

a remote control having a button that initiates an auto- 
matic configuration process such that the remote con- 
trol begins emitting a low-firequency sound wave pulse 
pattern; and 

a plurality of speakers, wherein each speaker includes a 
pulse coimter that counts a number of sound wave 
pulses received from the remote control over a prede- 
termined time period; and 

an audio receiver coupled to the speakers, the audio 
receiver including a digital audio encoding system, 
wherein the receiver uses the respective sound wave 
pulse count from each of the speakers to compute the 
distance between the remote control and each speaker, 
and programs the digital audio encoding system with 
speaker delay times based on the computed distances. 

2 The system of claim 1 wherein the receiver and the 
speakers communicate via a digital interconnect format. 

3 The system of claim 2 wherein the audio receiver 
includes a microprocessor for controlling the digital audio 
encoding system. 

4 The system of claim 3 wherein the receiver further 
includes an auto-configuration program that runs on the 
microprocessor that fuiK;tions to send out start and stop 
commands over the interconnect format that control when 
the speakers count the sound wave pulses emitted by the 
remote control. 

5 The system of claim 4 wherein the sound wave pulses 
travel at a 1000 Hz rate where each pulse is equal to 6 inches 
of distance. 

6 The system of claim 5 wherein a ratio between a travel 
speed of the sound wave and a sampling rate of the speakers 
is at least 100-to-l. 

7 The system of claim 6 wherein the interconnect format 
comprises S/PDIF. 

8 The system of claim 7 wherein the digital audio encod- 
ing system comprises at least one Dolby Pro Logic, Dolby 
Digital, Digital Theater Sound (DTS), and THX 



9 A method for automatic reconfiguration of a sound 

system, comprising the steps of: 

(a) transmitting sound wave pulses from a remote control 
to a plurality of speakers, each speaker containing a 
pulse counter; 

(b) coimting the sound wave pulses by each of the pulse 
counters over a predetermined period of time, each of 
the pulse counters maintaining a respective sound wave 
pulse count; 

(c) transmitting the sound wave pulse counts from the 
speakers to an audio receiver via a digital interconnect 
format; 

(d) computing the distance between each of the speakers 
and the remote control based on the respective sound 
wave counts; and 

(e) using the computed distances to program a digital 
audio encoding system with appropriate speaker delay 
times. 

10 The method of claim 9 wherein step (a) further 
includes the steps of: 

(i) transmitting an auto-configuration signal from a 
remote control to the audio receiver in response to a 
user pressing a configuration button on the remote 
control; 

(ii) sending a start command from the audio receiver to 
each of the speakers via the digital interconnect format 
causing the speakers to activate their respective pulse 
counters; and 

(iii) emitting low-frequency sound wave pidses from the 
remote control to the speakers. 

11 The method of claim 10 wherein step (b) further 
includes the step of: 

(i) sending a stop command from the audio receiver to 
each of the speakers that deactivates the pulse counters. 

12 The method of claim 11 wherein step (a)(iii) further 
includes the step of: 

(1) transmitting the sound wave pulse at a rate of 1000 Hz, 
such that each pulse is equal to six inches of distance. 

13 The method of claim 12 wherein step (c) further 
includes the step of: 

(i) sending another command from the audio receiver to 
the speakers instructing each speaker to transmit the 
sound wave pulse count from the pulse counter back to 
the audio receiver. 

14 The method of claim 13 further including the step of: 
providing a ratio between a travel speed of the sound wave 
pulse and a sampling rate of the speakers of at least 100-to-l. 

15 A triangulating multi-dimension sound system, com- 
prising: 

a plurality of speakers, each speaker having a radio 
transceiver that emits a unique radio wave for the 
speaker; 

two transceiver modules spaced apart, each emitting a 
unique radio wave; 

a remote coatrol having a radio transceiver and a con- 
figuration button for initiating a configuration process 
in which the remote control emits a radio wave that 
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causes each speaker transceiver and the transceiver 
modules to emit the unique radio wave; and 

an audio receiver coupled to the speakers and two the two 
receiver modules, the audio receiver including a digital 
audio encoding system, wherein during a manual con- 
figuration process, a user holds the remote control a 
predetermined distance from the receiver modules and 
presses the configuration button causing the speakers to 
transmit their respective radio waves, the remote con- 
trol associating each radio wave with the corresponding 
speaker and records a time delay between receipt of the 
radio waves, and the audio receiver reporting the dis- 
tances input by the user to the remote control to 
calibrate the system, and 



during an automatic configuration process, the user moves 
to a new position, the transceivers on the ^eakers and 
the remote modules transmit their imique radio waves, 
the remote control then compares the time delays 
associated with each speaker to the time delay associ- 
ated with each speaker when the remote control is 
located at the known configuration position, and recal- 
culates the distance firom the user to each speaker, the 
remote control then reports the distances to the audio 
receiver, which then uses the new distances to program 
the correct delays for the digital audio encoding sys- 
tem. 

* « * * * 
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